A Gram-negative, motile, rod-shaped, extremely halophilic archaeon, designated strain HPC1-2 T , was isolated from pla-ra, a salt-fermented fish product of Thailand. Strain HPC1-2 T was able to grow at 20-60 6C (optimum at 37-40 6C), at 2.6-5.1 M NaCl (optimum at 3.4-4.3 M NaCl) and at pH 5.0-8.0 (optimum at pH 7.0-7.5). Hypotonic treatment with less than 1.7 M NaCl caused cell lysis. The major polar lipids of the isolate were C 20 C 20 derivatives of phosphatidylglycerol, methylated phosphatidylglycerol phosphate, phosphatidylglycerol sulfate, triglycosyl diether, sulfated triglycosyl diether and sulfated tetraglycosyl diether. The G+C content of the DNA was 65.5 mol%. 16S rRNA gene sequence analysis indicated that the isolate represented a member of the genus Halobacterium in the family Halobacteriaceae. Based on 16S rRNA gene sequence similarity, strain HPC1-2 T was related most closely to Halobacterium salinarum DSM 3754 T (99.2 %) and Halobacterium jilantaiense JCM 13558 T (97.8 %). However, low levels of DNA-DNA relatedness suggested that strain HPC1-2 T was genotypically different from these closely related type strains. Strain HPC1-2 T could also be differentiated based on physiological and biochemical characteristics. Therefore, strain HPC1-2 T is considered to represent a novel species of the genus Halobacterium, for which the name Halobacterium piscisalsi sp. nov. is proposed. The type strain is HPC1-2 T (5BCC 24372 T 5JCM 14661 T
, was isolated from pla-ra, a salt-fermented fish product of Thailand. Strain HPC1-2 T was able to grow at 20-60 6C (optimum at 37-40 6C), at 2.6-5.1 M NaCl (optimum at 3.4-4.3 M NaCl) and at pH 5.0-8.0 (optimum at pH 7.0-7.5). Hypotonic treatment with less than 1.7 M NaCl caused cell lysis. The major polar lipids of the isolate were C 20 C 20 derivatives of phosphatidylglycerol, methylated phosphatidylglycerol phosphate, phosphatidylglycerol sulfate, triglycosyl diether, sulfated triglycosyl diether and sulfated tetraglycosyl diether. The G+C content of the DNA was 65.5 mol%. 16S rRNA gene sequence analysis indicated that the isolate represented a member of the genus Halobacterium in the family Halobacteriaceae. Based on 16S rRNA gene sequence similarity, strain HPC1-2 T was related most closely to Halobacterium salinarum DSM 3754 T (99.2 %) and Halobacterium jilantaiense JCM 13558 T (97.8 %). However, low levels of DNA-DNA relatedness suggested that strain HPC1-2 T was genotypically different from these closely related type strains. Strain HPC1-2 T could also be differentiated based on physiological and biochemical characteristics. Therefore, strain HPC1-2 T is considered to represent a novel species of the genus Halobacterium, for which the name Halobacterium piscisalsi sp. nov. is proposed. The type strain is HPC1-2 T (5BCC 24372
Pla-ra is a fermented fish product from Thailand made by mixing freshwater fish with salt and roasted rice and leaving this mixture to ferment at room temperature for 6-12 months (Phithakpol et al., 1995) . The product is rich in various nutrients, particularly amino acids and peptides, and contains a high concentration of salt (about 1.2-3.1 M NaCl), conditions that are suitable for the growth of halophilic bacteria (Saisithi et al., 1966; Phithakpol et al., 1995; Tanasupawat & Komagata, 2001; Chamroensaksri et al., 2008; Tanasupawat et al., 2007) . Nevertheless, no extremely halophilic bacteria have previously been isolated from pla-ra, and in particular none of the genus Halobacterium, family Halobacteriaceae, which are reported to inhabit highly saline environments (Elazari-Volcani, 1957; Thongthai et al., 1992; Yang et al., 2006) . At the time of writing, the genus Halobacterium comprises fifteen species with validly published names. Of these, all but three species, namely Halobacterium salinarum (Ventosa & Oren, 1996) , Halobacterium noricense (Gruber et al., 2004) and Halobacterium jilantaiense (Yang et al., 2006) , have subsequently been transferred to other genera or classed as synonyms of already described species. Here, the taxonomic properties of a novel, extremely halophilic archaeon, strain HPC1-2 T , isolated from pla-ra are described. Phenotypic tests were performed in accordance with the proposed minimal standards for the description of new taxa in the order Halobacteriales (Oren et al., 1997) . Growth at various temperatures (20-60 u C) was examined. NaCl requirement was determined in the above medium containing various NaCl concentrations (0-5.1 M). Similarly, the requirement of the strains for Mg 2+ was tested in halophilic medium lacking MgSO 4 . 7H 2 O but supplemented with 0-1.0 M MgCl 2 . Growth was determined by measuring culture turbidity at 600 nm. Cell motility and morphology were examined by phase contrast and transmission electron microscopy of liquid cultures grown for 7 days. Gram staining was carried out as described by Dussault (1955) . Colony morphology was observed by growth on agar plates of the halophilic medium after incubation at 37 u C for 7 days. Anaerobic growth was tested on agar plates in the presence of nitrate
). Catalase and oxidase activities and the hydrolysis of casein, gelatin, starch and Tween 80 were tested according to the methods of Barrow & Feltham (1993) . Casamino acids were omitted from the test medium for determination of hydrolysis of casein and gelatin. Additional enzyme activities were determined by using API test kits (API ZYM and API 20E) at 37 uC as recommended by the manufacturer (bioMérieux). Utilization of sugars, alcohols, amino acids and organic acids, and acid production from various substrates were determined in modified Leifson medium supplemented with 0.01 % (w/v) yeast extract and 4.3 M NaCl, but lacking casitone and Tris-HCl (Leifson, 1963) . Nitrate reduction, H 2 S formation and indole production were tested as described by Oren et al. (1997) . Tests for DNase, urease, methyl red, the VogesProskauer reaction, lysine and ornithine decarboxylases were performed as described by Gerhardt et al. (1981) .
Determination of antibiotic susceptibility was tested according to the methods of Stan-Lotter et al. (2002) . Menaquinones were analysed as described by Komagata & Suzuki (1987) . Polar lipids were determined according to the method of Minnikin et al. (1984) .
DNA was isolated and purified according to the method of Saito & Miura (1963) . The G+C content was determined with the method of Tamaoka & Komagata (1984) by using reversed-phase HPLC. DNA-DNA hybridization was performed as reported by Ezaki et al. (1989) and levels of relatedness were determined by using the colorimetric method given by Tanasupawat et al. (2000) . The 16S rRNA gene sequence of strain HPC1-2 T , comprising 1375 bp, was PCR-amplified with primers D30F (59-ATTCCGG-TTGATCCTGC-39; positions 6-12 according to the Escherichia coli numbering system) and D56R (59-CTTGTTACGACTT-39; positions 1492-1509). The amplified DNA fragment was separated by agarose gel electrophoresis and was recovered by using a GenElute Minus EtBr Spin Column (Sigma). The sequence was determined by using the BigDye Terminator Cycle Sequencing Ready Reaction kit version 3.0 (Applied Biosystems) in an ABI PRISM 310 genetic analyser (Applied Biosystems) with the following primers: D30F, D33R (59-TCGCGCCTGCGCCCCGT-39; positions 344-360), D34R (59-GGTCTCGCTCGTTGCCTG-39; positions 1096-1113) and D56R. The sequence was compared with reference 16S rRNA gene sequences available in the GenBank and EMBL databases obtained from the National Center for Biotechnology Information database by using BLAST searches. The alignment was subjected to phylogenetic analysis with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood and maximum-parsimony methods by using programs in the CLUSTAL_X and MEGA 4 packages (Thompson et al., 1997; Tamura et al., 2007) . Confidence in the branching pattern was assessed by analysis of 1000 bootstrap replicates.
Cells of strain HPC1-2 T were motile rods (0.5-1.061.0-2.0 mm) that possessed peritrichous flagella (Fig. 1) . On halophilic agar medium, colonies of strain HPC1-2 T were circular, smooth, translucent and red. Cell lysis occurred in 1.7 M NaCl solution. Cells stained Gram-negative. Strain HPC1-2 T was capable of growing over a wide concentration range of NaCl from 2.6 to 5.1 M. It grew optimally in the presence of 3.4-4.3 M NaCl, similar to most extremely halophilic Archaea (Grant, 2001 ). It also grew over a wide range of MgCl 2 concentrations from 0 to 1 M, with optimum growth at about 0.5-0.6 M. Strain HPC1-2 T grew in the temperature range 20-60 u C (optimum 37-40 u C) and pH range 5.0-8.0 (optimum pH 7.0-7.5). Catalase and oxidase activity tests were positive. No indole formation was observed in the presence of tryptophan. Cells hydrolysed gelatin, casein and Tween 80, but not starch. Strain HPC1-2 T showed anaerobic growth in the presence of DMSO, nitrate and L-arginine. Nitrate was not reduced and no gas formation was observed. Two-dimensional TLC revealed that strain HPC1-2 T possessed C 20 C 20 derivatives of phosphatidylglycerol (PG), methylated phosphatidylglycerol phosphate (PGP-Me), phosphatidylglycerol sulfate (PGS), triglycosyl diether (TGD), sulfated triglycosyl diether (S-TGD) and sulfated tetraglycosyl diether (S-TeGD) and pigments. The overall polar lipid pattern was similar to those of Hbt. salinarum DSM 3754 T (Ventosa & Oren, 1996) and Hbt. jilantaiense JCM 13558 T (Yang et al., 2006) . The presence of S-TGD can be used to distinguish the above three taxa from Hbt. noricense (Gruber et al., 2004) . Strain HPC1-2 T had menaquinones MK-8 (98 %) and MK-8 (H 2 ) (2 %). The DNA G+C content of strain HPC1-2 T was 65.5 mol%, which was similar to that of Hbt. salinarum DSM 3754 T (Ventosa & Oren, 1996) and Hbt. jilantaiense JCM 13558 T (Yang et al., 2006) but not to that of Hbt. noricense A1 T (Gruber et al., 2004) . The range of G+C contents of recognized species of the genus Halobacterium are 57-60 mol% for the minor DNA component and 67.1-71.2 mol% for the major DNA component (Grant, 2001) . Characteristics that distinguish strain HPC1-2 T from recognized members of the genus Halobacterium are summarized in Table 1 . Fig. 2 shows the phylogenetic tree constructed by the neighbour-joining method in which strain HPC1-2 T clustered with the type strains of species of the genus Halobacterium. T represents a novel species of the genus Halobacterium, for which the name Halobacterium piscisalsi sp. nov. is proposed.
Description of Halobacterium piscisalsi sp. nov.
Halobacterium piscisalsi (pis.ci.sal9si. L. n. piscis fish; L. adj. salsus salted, salt; N.L. gen. n. piscisalsi of salted fish).
Cells are rod-shaped (0.5-1.061.0-2.0 mm) and motile by means of peritrichous flagella. Cells stain Gram-negative and are chemo-organotrophic. Colonies on plates of halophilic agar medium are red, smooth, circular and elevated. Requires at least 2.6 M NaCl for growth; optimal growth occurs at 3.4-4.3 M NaCl. Cell lysis occurs upon hypotonic treatment with less than 1.7 M NaCl. Growth occurs at 0-1 M MgCl 2 , optimally at around 0.5-0.6 M MgCl 2 . The temperature and pH ranges for growth are 20-60 uC (optimum at 37-40 uC) and 5.0-8.0 (optimum at pH 7.0-7.5). Grows anaerobically in the presence of nitrate, L-arginine and DMSO. Catalase-and oxidasepositive. Nitrate and nitrite are not reduced. Methyl red, Voges-Proskauer reaction and indole production are also negative. Casein, gelatin and Tween 80 are hydrolysed, but starch is not. The type strain, HPC1-2 T (5BCC 24372 T 5JCM 14661 T 5PCU 302 T ), was isolated from pla-ra (saltfermented fish product) in Thailand.
